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(54) Manufacturing method of Ink Jet head 

(57) A manufacturing method for an ink jet head 
having an ink ejection pressure generation element for 
generating energy for ejecting ink. and an ink supply 
port fbr supplying the ink to an Inkjet head, including the 
steps of preparing a silicon substrate; forming, on a sur- 
face of the silicon sut>strate, the ink ejection pressure 
generation element and silicon oxide film or silicon 
nitride film; forming anti-etching mask for forming an ink 
supply port on a back side of the silicon substrate; 



removing silicon on the back side of the silicon sub- 
strate at a position corresponding to the ink supply port 
portion through anisotropic etching; forming an ink ejec- 
tion portk)n on a surface of the silicon substrate; and 
removing the silicon oxide film or silicon nitride film from 
the surface of the silicon substrate of the ink supply port 
portion. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 The present invention relates to a manufacturing method for Inkjet head for generating a recording liquid droplet 
usable with an Inkjet type apparatus. More particularly; the present invention relates to a manufticturing method for an 
ink jet head of a so-called side shooter type which ejects the recording liquid droplet in a direction substantially perpen- 
dicular to the surface having an ink ejection pressure generation element. 

In a so-called side shooter type Inkjet head, wherein the ink is ejected upwardly from the ink ejection pressure gen- 

10 eration element, a substrate having an ink ejection pressure generation element (ejection energy generating element) 
is provided with a through-opening (ink supply port) to supply the ink from the back side (not having the ink ejection 
pressure generation element) of the substrate, as disclosed in Japanese Laid Open Patent Application No. SHO-62- 
264957 or U.S. Patent No. 4789425. This arrangement is used because if tiie ink supply is effected from the ink ejection 
pressure generation element formation side (ink ejection outlet formation surface), an ink supply member has to be 

IS located between the ink ejection outiet and tiie recording material such as paper or textile, and in such a case, the dis- 
tance between the recording material and the ink ejection outiet cannot be reduced, because it is difficult to reduce the 
thickness of the ink supply member, witii the result that the image quality Is deteriorated because of the deterforation of 
the droplet shot positional accuracy of the ink. 

A conventional example of manu^cturing metiiod for the side shooter type ink jet head will be described. 

20 First, a silicon substrate having a through-opening constituting an ink supply port and an ink ejection pressure gen- 
eration element for ejecting the Ink, Is prepared. A dry film such as commercially available RISTON a VACREL 
(Dupont) is laminated on the silicon substrate, and the dry film Is patterned so as to form an ink flow passage wall. An 
electro-formed plate having an ejection outiet is placed and bonded on tiie ink flow passage wall. 

Here, in order to form tiie ejection outiet in the substrate having tiie tiirough-opening, the ink f bw passage wall is 

25 made of dry film. This is because if a method wherein a resin material layer for the ink f fow passage wall is dissolved in 
a solvent is applied (solvent coating such as spin coating, roller coating). Is used, tiie resin material fkyws Into the 
through-opening witii tiie result tiiat the film formation is not unifomn. 
However, tiie use of the dry film Involves the drawt)ack8, as follows. 

For example, the film formation accuracy is poorer tiian in the film formation technique of spin coating or the like. 
30 The above-desaibed photo-polymerization dry film has poor coating property, so that formation of tiiin film such as 
not more than 15 )im is difficult. 

Generally, high resolution and high aspect ratio are difficult to provide. 

Stability against time elapse is poor (property of transfer to the substrate or the patterrting property). 
The dry film sags into the tiirough-opening. 

35 With tiie recent development of tiie recording technique, a high precision image quality is demanded in the ink jet 
technique. Here, Japanese Laid Open Patent Applications Nos. HEI-4-10941 and 10942 proposes a system meeting 
this demand. More particularly, in this method, a driving signal is applied to the ink ejection pressure generation element 
(electrotiiermal transducer element) oonresponding to recording infonnatfon to generate thermal energy causing abrupt 
temperature rise beyond upper limit of nucleate boiling of the ink, by which a bubble is created in the ink to eject the ink 

40 droplet while permitting communication between the bubble and ambience. In the metiiod, the volume and the speed 
of tiie small ink droplet are not influenced by tiie temperature and therefore are stabilized, so that a high quality image 
can be provided. 

The inventors have proposed, as a manufacturing metiiod suitable for tiie ink jet head of the ejection type, the fol- 
lowing method. 

45 In the first step, ink flow paths are formed with solutrie resin material on tiie base having an ink supply port and Ink 
ejection pressure generation elements. 

Then, a coating resin material layer is formed on the soluble resin material layer. 

Then, ink ejection outiets are tonned on tiie coating resin material layer by light projection or oxygen plasma etch- 
ing. 

so Then, the soluble resin material layer is dissolved out. 

Witii tiie method, the positional accuracy between the ink Section pressure generation element and ink ejection 
outiet is very high, but for tiie formation of tiie soluble resin material layer, the dry film has to be used, and therefore, tiie 
above-described drawbacks of the dry film still apply. Since tiie ink ejection outiets are provided in tiie coating resin 
material layer in ttiis method, and therefore, the distance between the ink ejection outlets and tiie ink ejection pressure 

55 generation elements which Is one of important factors for the ink ejection accuracy is influenced t>y the film formation 
accuracy of the soluble resin material layer. 

Furtiier, as disclosed in Japanese Laid Open Patent Application No. HEI-5-1 31 628, tiie distance accuracy between 
the ink supply port and tiie ink Section pressure generation element is significantly influenced by the operation fre- 
quency characteristics of the Inkjet head, and ttierefore, tiie high positional accuracy formation technkiue for tiie ink 
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supply port is determined. 
SUMMARY OF THE INVENTION 

5 Accordingly; it is a principal object of the present invention to provide a manufacturing method for an ink jet head 
wherein the ejection outlet formation of the side shooter type ink jet head is canried out on a flat 8Ut)strate. thus permit- 
ting manufacturing of inexpensive and high precision ink jet head. 

According to an aspect of the present Invention there is provided a manufacturing method for an ink jet head having 
an ink ejection pressure generation element for generating energy for ejecting inK and an ink supply port for supplying 

10 the ink to an ink jet head, comprising the steps of: preparing a silicon substrate; forming, on a surface of the silicon sub- 
strate, the ink ejection pressure generation element and silicon oxide film or silicon nitride film; forming anti-etching 
mask for forming an ink supply port on a back side of the silicon substrate; removing silicon on the back side of the sil- 
icon substrate at a position conesponding to the ink supply port portion through anisotropic etching; forming an ink 
ejection portion on a surface of the silicon substrate; removing the silicon oxide film or silicon nitride film from the sur- 

15 face of the silicon substrate of the ink supply port portion. 

According to the manufacturing method of the Inkjet head according to the present invention, the distance between 
the ejection energy generating element and the orifice can easily be made accurate, and the positional accuracies of 
the element and the center of the orifice can also easily be made accurate. 

According to the present Invention, the formation of the ink ejection outlets is possible on the flat surface substrate. 

20 and therefore, the film formation accuracy is high, and the selectable range of the member forming the ink ejection out- 
let portions can be widened. 

Further, in the present invention, the positional accuracy of the present invention can be enhanced, and the dis- 
tance between the ejection outlets and the ink ejection pressure generation elements can be decreased, and therefore, 
an Inkjet head having a high operation frequency can be easily manufactured. 
25 These and other objects, features and advantages of tiie present invention will become more apparent upon a con- 
skJeration of the following desaiptk>n of the preferred embodiments of the present invention taken in conjunction with 
the acconpanying drawings. 

BRIEF DE3CRIPTI0N QFTHE DRAWINCgg 

30 

Rgure 1 is a schematic view showing a formation process for an ink supply port by silicon anisotropic etching. 
Figure 2 is a schematic view showing a formation process for an ink supply port by silicon anisotropic etching. 
Figure 3 is a schematic view showing a formation process for an ink supply port by anisotropic etcfting of silicon. 
Figure 4 is a schematic view showing a fbrmatton process for an ink supply port by the anisotropic etching of tiie 

35 silicon. 

Figure 5 is a schematic view showing a fonnation process for an Ink supply port by anisotropic etching of silicon. 

Figure 6 is a schematic view showing a formation process of an ink ejection outlet 

Figure 7 is a schematic view showing a formation process of an Ink ejection outlet. 

Figure 8 is a schematic view showing a formation process of an ink ejection outieL 
40 Figure 9 is a schematic view showing a formation process of an ink ejection outiet. 

Figure 1 0 is a schematic view showing a formation process of an ink ejection outiet. 

Figure 11 is a schematic view of a formation process for an ink ejection outiet using oxygen plasma etching. 

Rgure 1 2 is a schematic view of a formation process for an ink ejection outiet using oxygen plasma etching. 

Figure 1 3 is a schematic view of a process for forming an ink ejectk>n outiet by laminating a member having an ink 
45 ejection outiet. 

Figure 1 4 is a schematic view of a process for forming an ink ejectton outiet by laminating a member having an ink 
ejection outiet. 

Rgure 15 is a schematic view of a process for forming an ink ejectton outiet by laminating a member having an ink 
ejection outiet. 

so 

DESCRIPTION OF PREFER RED EMBODIMENTS 

Referring to tiie accompanying drawings, the embodiments of ttie present invention will be described. 
Figure 1 to Figure 10 are schematic views showing fundamental example of the present invention, and show an 
55 example of manufacturing step of the method according to an embodiment of the present Invention, and also show tiie 
structure of an Inkjet head. 

In this exanple, as shewn in Figure 1 , for example, a desired number of ink ejection pressure generation elements 
3 such as electrothermal transducer elements or piezoelectric elements are placed above a silicon substrate 1 (surface) 
having a crystal face direction <100> or <110> with silicon oxide or silicon nitride layer 2 tiierebetween. The silicon 
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oxide or silicon nitride layer functions as a stop layer against anisotropic etching which will be described hereinafter. The 
ink ejection energy generating element 2 functions to ^ect a recording liquid droplet by applying ejection energy to the 
ink liquid. When the use is made with an electrothermal transducer element as the ink ejection energy generating ele- 
ment 3, for example, the ejection energy is generated by heating the recording liquid adjacent the element. In this case. 
5 the silicon oxide or silicon nitride may function also as a heat accumulation layer. When the use is made with the piezo- 
electric element, the ejection energy Is generated by the mechanical vibration of the element. To such an element 3, an 
electrode (not shown) is connected to supply It control signals for driving the element. For the purpose of improving the 
durability of the ejection energy generating element, various function layers such as protection layer are usable, as is 
known. 

10 Here, the protection layer may be the silicon oxide or silicon nitride layer 2 which is a stop layer against the aniso- 
tropic etching (Rgure 1). 

Referring to Figure 2. a member 4 functioning as a mask for forming an ink supply port is placed on such a surface 
(back surface) of the substrate 1 as not has the ink ejection pressure generation element. TTie member 4 function as a 
mask against the anisotropic etching of the silicon, and is preferably made of silicon oxide film or silicon nitride film. 
75 Here, the member 4 may be placed on the surface of the substrate if desired, and may be used also as the above- 
desaibed protection layer. 

The portion of the member 4 which is going to be the ink supply port is removed by dry etching using CF4 gas with 
the aid of nornnal photo-resist mask. Here, by using a means such as double-sided mask aligner, the position of the Ink 
supply port is con'ectly determined relative to the ink ejection pressure generation element on the surface (Figure 3). 

20 Sut)sequently, the substrate 1 is dipped in silicon anisotropic etching liquid, a typical example of which is strong 
alkali liquid to form an ink supply port 5 (Figure 4). The substrate surfece Is protected if desired. In the anisotropic etch- 
ing for the silicon, the difference In the solubilities to the alkaline etching liquid depending on the aystal orientation, is 
i^ed, and the etching stops at the <1 11 > surfcice whteh substantially hardly has the solubility. Therefore, tiie configura- 
tion of the ink supply port is different depending on the surface direction of the sut)strate 1 . When the surface direction 

25 <100> is used, angle 6 in Figure 4 Is 54.790^ and when the surface direction <1 10> is used. 8 is 90'' (perpendicular 
relative to surface) (in Figure 4. surface direction <100> is used). 

Since the silicon oxide and silicon nitride layer 2 has a resistance against the alkaline etching lK|uid, etching stops 
here. Therefore, there is no need of conrect end point detection of the etching. 

Here, tiie silicon oxide film and the silicon nitride film 2 are in the form of tiiin films at tiie time of the anisotropic 

30 etching completion, and therefore, ttie stress control in the film may be effected, depending on the form of the ink supply 
port, to avoid waving or crease, in some cases. 

As for a metiiod for the sta'ess control of ttie film 2, tiie film 2 is made to be a multi-layer film containing at least one 
tensile sti^ess layer Involving a tensile stress. An example of the tensile stress is a silicon nitride film produced by a low 
pressure vapor phase synthesizing method. 

35 Subsequentiy, a formation process for the nozzle portion in ttie substrate 1 is carried out. Here, the desaiption will 
be made as to a manufacturing method using the above-described soluble resin material layer. The substrate 1 is cov- 
ered witii the silicon oxide or silicon nitride film 2 even on the ink supply port, and ttierefore, the surface is so flat that 
spin coating means, roller coating means or another applying means, is usable. 

If the film thickness is not more than 50 (im. a high accuracy film formation is possible with any film tiiickness. 

40 A material which is unable to be formed as dry film, for example, a material having a poor coating property, is also 
usable. 

A soluble resin material layer is formed as a film on tiie substrate 1 through the spin coating method or roller coating 
method, and tiiereafter, a patterning Is effected to form an ink passage pattern 6 tiirough a photolittiography method 
(Figures). 

45 Then, a coating resin material layer 7 is formed as shown in Figure 7. Since the resin material functions as a struc- 
ture material for the Inkjet head, it has a high mechanical strengtii. a heat-resistivity, an adhesiveness relative to the 
substrate, a resistance against the Ink liquid and the property not altering the nature of tiie ink liquid. 

The coating resin material layer 7 preferably is polymerized and cured tiy light or tiiermal energy application 
thereto, and is strongly and closely contacted to the substrate. 

so Such a coating resin material layer 7 forms Inkf low passage walls by being provided so as to cover the inkf low path 
pattern 6. 

After the curing of ttie coating resin material layer 7. the plasma dry etching is effected from tiie back side of tiie 
silicon sut>sti'ate 1 with CF4 or the like, so tiiat the silicon oxide or silicon nitride film 2 on tiie ink supply port 5 is removed 
to provide a tiirough opening for the ink supply port. Here, ttie etching end of the silicon oxide or silicon nitrkle film 2 
55 needs not be correctiy detected, txjt tiie end portion may be deemed by any point in tiie ink flow path pattern 6 formed 
with ttie soluble resin material layer (Figure 8). The removal of tiie silicon nitride film 2 or ttie silicon oxide from the ink 
supply port 5 may be effected after the ink ejection outlet formation which will be described hereinafter, altiiough it Is 
preferable to carry it out before removal of the ink flow path pattern 6. 

Then, the ink ejection outiet 8 is formed on ttie coating resin material layer 7 (Figure 9). As for the forming metiiod 
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of ink ejection outlet, photolithography is usable for the patterning therefor, when the coating resin material layer 7 has 
a photosensitive property. In the case of processing the cured resin niateriai layer, usable methods include a method 
using an eximer laser and a method using oxygen plasma, for example. 

As shown in Rgure 10, the soluble resin material layer 6 forming the ink flow path pattern is dissolved out. To the 
5 substrate now having the ink flow paths and ink ejection outlets formed in this manner, a member for ink supply and 
electric connection for driving the ink ejection pressure generation element, are mounted, so that the Ink jet head is 
manufactured. 

In the preparation process for the Inkjet head, the order of the steps is anisotropic etching, nozzle formation and 
anisotropic etching stop layer removal. But, the order may be nozzle formation, anithotropic etching and anisotropic 
10 etching stop layer removal process. I^ore particularly, the mask member 4 is formed on the back side of the substrate 
1 , (Rgure 2 or Figure 3). and the nozzle porttons are formed, and thereafter, the anisotropic etching process is can-ied 
out. In this case, however, it should be noted that most of the materials for the nozzle formation member do not have 
enough resistance against the anisotropic etching liquid, and therefore, proper protection is preferably made against the 
circumvention of the anisotropic etching liquid to the front surface of the substrate already having the formed nozzles. 

IS 

(Embodiment 1) 

In this embodiment, the Inkjet head was manufactured through the processes showed in Rgure 1 - Rgure 10. Sil- 
icon oxide films are formed on both surfaces of the silicon wafer having a aystal face direction <100> and having a 
20 thickness of 500 \m through heat oxidation (thickness is 2.75 microns). Then, electrothermal transducer elements as 
the ejection energy generating elements and electrodes for control signal input for operating the elements, are fomned 
on the silicon oxide film (the surface having the electrothermal transducer element is called front surface or surface, 
hereinafter). 

Here, the back side of the silicon wafer is provided with a silicon oxide film formed through the heat oxidation, and 
25 therefore, there is no need of additional mask member for the anisotropic etching of the silicon. The silicon oxide film 
on the back side is removed through plasma etching by the CF4 gas only at the portion coresponding to the ink supply 
port (Figure 3). 

Subsequently, the silicon wafer Is dipped at 1 10 X for 2 hours in 30 % potassium hydroxide aqueous solution, thus 
effecting the anisotropic etching for the silicon. Here, on the front surface of the wafer, a rubber type resist is placed as 

30 a protecting film, and contact of the potassium hydroxide aqueous solution is prevented. Since the anisotropic etching 
is stopped by the silicon oxide film on the surface of the silicon wafer, it is not necessary to correctly control the duration, 
tenperature of the etching operation. 

The silicon wafer having been subjected to the anisotropic etching, is now subjected to pure water cleaning and 
removal of the rubber type resist, and is put into the nozzle portion formation process. 

35 First. PMER A-900 (available from Tokyo Ouka Kogyo KABUSHIKl KAISHA) as a soluble resin material, is applied 
through spin coating method, and the patterning and development are carried out using mask aligner MPA-600 availa- 
ble from Canon Kabushiki Kaisha to form the mold of the inkf tow paths (Figure 6). The PMER is known as novolak type 
resist having high re solution image property and stabilized patterning property, but having a poor coating property and 
therefore not suitable for formation into dry film. Here, in the present invention, the front surface of the silicon wafer is 

40 flat, and therefore, the resist of the novolak type can be applied with correct thickness through the spin coating method. 
Then, the coating resin material layer for forming the nozzles and ink ejection outlets, is formed through the spin 
coating method, on the soluble resin material layer which is going to be the member for constituting the ink flow path. 
The coating resin material layer becomes a structure material of the ink jet head, and ttierefore: high mechanical 
strengtii, high adhesiveness relative to ttie substrate, high ink-resistant or the like is desired, and cation polymerization 

45 cured material produced from tiie epoxy resin material by heat and light reaction. Is most preferably used. In tills 
embodiment, ttie use was made with EHPE-3150, available from Daicell Kagaku Kogyo KABUSHIKl KAISHA. Japan, 
which is an alicyclic type epoxy resin material, as tiie epoxy resin material, and witii a mixed catalyst comprising 4,4-di- 
t-butyl-diphenyliodoniumhexaf luoroantimonate/copper trif late, as thermosetting cation polymerization catalyst. 

For penetration of tiie ink supply port, the silicon oxide film is removed from ttie ink supply port. The silicon oxide 

so film can be removed at tiie back skle of tiie 8ilkx>n waf^r through tiie plasma etching using tiie CF4 gas. Here, on tiie 
ink supply port, tiie soluble resin material layer to be removed in a later step is filled, and therefore, plasma etching may 
be stopped at any point in tiie soluble resin material, so that tiie coating resin material layer is not influenced by tiie 
plasma etching. Wet etching is available for the silicon oxide film by dipping in hydrofluoric acid. 

Subsequentiy. tiie ink ejection outlets are formed on tiie coating resin material layer. In tills embodiment, the ejec- 

55 tion outiets are fbrmed tiirough oxygen plasma etching. 

On tiie coating resin material layer of tiie silicon wafer from which the silicon oxide film has been removed at tiie 
ink supply port, silicon containing positive-type resist FH-SP 9, available from Fuji HANT KABUSHIKI KAISHA, Is 
applied, to effect patterning for tiie portions (not shown) for the ink supply port and for tiie electric connection for the 
signal input (Figure 1 1). Then, tiie ejection outiet portions and electric connecting portions (not shown) are etched by 
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oxygen plasma etching, wherein the resist FH-8P functions as ti-oxygen-ptasma film. The etching is stopped at any 
point in the soluble resin material layer only at the ejection outlet portion. By doing so, the heater surface is not dam- 
aged. 

In this embodiment, the ejection outlets are formed through the oxygen plasma etching, but in another example. 
5 they are formed by abrasion by projection of eximer laser through a mask. 

Subsequently, the soluble resin material layer and the FH-8P film are removed (Figure 10). 

Finally, an ink supply member, is connected, and electrical connection for the signal input is connected, thus 
accomplishing the ink jet head. 

The ink jet head was manufactured in this manner, was mounted to a recording device, and recording operations 
10 were earned out using ink comprising pure water/diethylene glycol/isopropyl alcohol/lithium acetate/black color dye 
hoodblack 2 = 79.4/15/3/0.1/2.5. Stable printing was possible, and tiie resultant print had high quality. With the ink jet 
recording head of this embodiment, as has been described hereinbefore, all of the ink ahead of the heater is ejected 
out. Therefore, if the nozzle structure is correct without variation (particularly, nozzle height = soluble resin material 
layer + coating resin material layer), it is expected that the variation of the ejection amounts among the nozzles, is very 
75 small. The variation was measured using the ink jet head according to this embodiment. The variation of the ejection 
amounts was measured, as follows. The printing is carried out with a specified pattern by ejectk)n the ink by each nozzle 
on a recording material (coating paper), and the average and the standard deviation (numt>er of samples 10) of the opti- 
cal density (O.D.) are determined. The results are shown in Table 1 . 

20 

Table 1 



25 





O.D. 
Ave. 


Standard 
deviation a 


Pattern 1 
Pattern 2 


0.72 
1.45 


0.01 
0.01 



30 As will be understood from Table 1 . tiiere is hardly any variation in tiie ejection anfx)unts among the nozzles, accord- 
ing to this embodiment, and therefore, tiie Image quality was high. 

(Embodiment 2) 

35 In tills embodiment, the ink jet head was prepared through nozzle process, anisotropic etching, and anisotropic 
etching stop layer removal process, in the order named. 

On the surface of tiie silicon wafer 1 having a ttiickness of 500 |Lim and having crystal face direction <1 00>. electro- 
thermal transducer elements 3 as the ejection energy generating elements and a driving circuit for operating the ele- 
ments, were formed. Then, a silicon nitride film 2 was formed on the surface of the silicon wafer as a stop layer against 

40 the anisotropic etching. The silicon nitride film 2 functions also as a protecting film for the electrothermal transducer ele- 
ments. Then, a silicon nitride film was formed on the back skde of the wafer as a mask member 4 against tiie anisotropfo 
etching (Figure 2). 

Subsequentiy. in this embodiment, nozzle portions are formed. Similarly to Embodiment 1 , the ink flow patii molds 
were formed using PMER as tiie soluble resin material layer, and the coating resin material layer was formed. As for tiie 

45 coating resin material layer, a similar composition as In the Embodiment 1 was used. Here, tiie mixed catalyst compris- 
ing 4,4<Ji-t-butyldiphenyllodoniumhexafluoroantimonate/copper trrflate has photosensitive property, and therefore, tiie 
ink ejection outiets were formed through photolithography. After coating resin material layer formation, it is exposed 
through a mask 1 2 using a mask aligner PLA 520 (cddmtrror 250. available from CANON) (Rgure 3), and the develop- 
ment was carried out to formation tiie ink ejection outiels. 

so Subsequentiy, tiie wafer was dipped for 15 time at 80 ^'C in 22 TMAH (tetramettiytammoniumhydroxide) aqueous 
solution to anisotropic etching for the silicon. 

At tills time, the TMAH aqueous solution was structurally prevented from contacting to the wafer surface having tiie 
formed nozzle portions. After tiie anisotropic etching completion, the silicon nitride film below the ink supply port and 
the soluble resin material layer were removed so that the Inkjet head was accomplished. 

55 Finally, similarly to Embodiment 1 . tiie electrical connection tor tiie signal input and ink supply member mounting 
were carried out and good printing was confirmed. 
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(Embodiment 3) 

In this embodiment, the use was made with the method disclosed in Japanese Laid Open Patent Application No. 
SHO-62-264957 Specification, for this invention. 
5 Up to the stage of formation of the ink supply port by anisotropic etching of sllioon, the steps are substantially the 
same as in Embodiment 1 (Figure 5). 

Then, the resin material layer 10 for constituting the nozzle, was fbrmed by spin coating, and tiie patterning using 
light projection, and development were earned out (Figure 13). 

Here, since ttie surface of the silicon wafer is flat, the spin coating is usable fbr the f im formation. This is advanta- 
10 geous as follows. 

The film formation is possible witii high accuracy witii any given film thickness even to such an extent of not more 
than 15 ^m which is difficult with the use of dry film, so that the design latitude was increased. 

Since the ink does not fall into the ink supply port as contrasted to the case of use of tiie dry film, ink supply port 
may be disposed closer to upper nozzle portions (Improvement of the operation frequency of the ink jet head). 
IS A material which is not easily formed into a dry film (a material having poor coating property), is usable. 

In tills embodiment, the following composition (Table 2) was used as tiie nozzle structure material. 



Table 2 







wt.parts 


Epoxy resin 


Ortho-cresolnovolak epoxy resin Epicote 180H65 
(mfd. by Yuka Shell Epoxy) 


80 


Propyreneglyool modified kxsphenol A epox^ resin 


15 


Silane coupling agent 


A-187 (mfd. by Nippon Uniker) 


3 


Photocation polymerization initiator 


SP-170 (mfd. by Asahi Denka Kbgyo) 


2 



30 

The composition of representation 2 is excellent in the anti-ink property, but tiie coating property is poor, and there- 
fore, it could be applied with controlled tiiickness on a silicon wafer by using tiie spin coating. 

Similarly to Embodiment 1 . tiie silicon oxide on the ink supply port Is removed (Rgure 14). Then, a menrlber 1 1 hav- 
ing ink ejection outiets 8 prepared through electro-forming of nickel, was positioned and heat-crimped on the nozzle 
3S structure material 1 0, so tiiat an Inkjet head was manufactiired (Figure 15). Finally, tiie mounting of tiie ink supply mem- 
ber and the electrical connection for the signal input were carried out. Print evaluation was carried out, and it has been 
confirmed that good printing operation was accomplished. 

While the invention has been described with reference to ttie structures disclosed herein, it is not confined to the 
details set forth and this application is intended to cover such nxxJtfications or changes as may come within tiie pur- 
40 poses of the Improvements or the scope of ttie fdlowing claims. 

A manufacturing metiiod for an ink jet head having an ink ejection pressure generation element for generating 
energy for Meeting ink, and an ink supply port for supplying tiie ink to an Ink jet head, including the steps of preparing 
a silicon substrate; forming, on a surfiace of the silicon sut>strate. the ink ejection pressure generation element and sili- 
con oxide film or silicon nitride film; forming anti-etching mask for forming an ink supply port on a back side of tiie silicon 
45 substrate; removing silicon on tiie back side of the silicon substrate at a position conresponding to tiie Ink supply port 
portion tiirough anisotropic etching; forming an ink ejection portion on a surface of tiie silicon substrate; and removing 
the silicon oxide film or silicon niti-ide film from the surface of the silicon substrate of the ink supply port portion. 

Claims 

so 

1. A n^nufacturing method for an ink jet head having an ink ejection pressure generation element for generating 
energy for ejecting ink, and an ink supply port for supplying the ink to an ink jet head, comprising the steps of: 

preparing a silicon substrate; 

ss forming, on a surtace of tiie silicon substrate, tiie ink ejection pressure generation element and silicon oxkie 

film or silicon nitrkie film; 

forming anti-etching mask for forming an ink supply port on a back side of tiie silicon substrate; 
removing silicon on the back side of tiie silicon substrate at a position oon-esponding to tiie ink supply port por- 
tion tiirough anisotropic etching; 
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forming an ink ejection portion on a surface of the silicon substrate; 

removing tlie silicon oxide film or silicon nitride film from the surliace of the silicon substrate of the ink supply 
port portion. 

2. A method according to Claim 1 . wherein said ink ejection portion forming process is carried out after said aniso- 
tropic etching process. 

3. A method according to Claim 1 , wherein said anisotropic etching process is can'ied out after the ink ejection portion 
forming process. 

4. A method according to Claim 1 . 2 or 3. wherein the silicon substrate has a crystal fcioe direction of <100> surtece. 

5. A method according to Claim 1 , 2 or 3. wherein the silicon substrate has a crystal face direction of <1 10> surfece. 

6. A method according to Claim 1 , 2, 3. 4 or 5. wherein said anti-etching mask is of silicon oxide film or silicon nitride 
film. 

7. A method according to Claim 1 . 2, 3, 4. 5 or 6, wherein saki ink ejection portion forming process comprises: 

forming an ink flow path with a soluble resin material; 

forming a coating resin material layer on the soluble resin material layer; 

forming the ink ejection outlet on the coating resin material layer. 

8. A method according to Claim 7, wherein the soluble resin material layer is applied on saki silicon substrate through 
spin coating or roller coating. 

9. A method according to Claim 1 , 2. 3, 4. 5 or 6, wherein said ink ejection portion forming process comprises: 

forming the ink flow path with a photocurable resin material; 

laminating a member having the ink ejection outlet on the photo-curable resin material having the ink flow path. 

10. A method according to Claim 9. wherein the soluble resin material layer is applied on the silicon substrate through 
spin coating or roller coating. 

11. A manulacturing method for an ink jet head having an ink ejection pressure generation element for generating 
energy for ejecting InK and an ink supply port for supplying the ink to an ink jet head, comprising the steps of: 

preparing a silicon substrate; 

forming, on a surface of the silicon substrate, the ink ejection pressure generation element and silicon oxide 
film or silicon nitride film; 

forming anti-etching mask for forming an ink supply port on a back side of the silicon substrate; 
removing silicon on the back side of the silicon substrate at a position corresponding to the ink supply port por- 
tion through anisotropic etching; 

forming an ink flow path pattern with a soluble resin material on the surface of the silicon substrate; 

forming a coating resin material layer on the ink flow path pattern; 

curing the coating resin material layer; 

forming the ink ejection outlet in the coating resin material layer; 

removing the silicon oxide film or silicon nitride film from the surface of the silicon substrate of the Ink supply 
port portion to form the ink supply port; 

forming the ink flow path in fluid communication with the Ink ejection outlet and ink supply port by dissolution 
removal of the ink flow path pattern from the silicon substrate having the ink supply port and ink ejection outlet. 

12. A method according to Claim 1 1 , wherein the silicon sut)strat6 has a crystal face direction of <100> surface. 

1 3. A method according to Claim 1 1 . wherein the silicon substrate has a crystal face direction of <11 0> surfece. 

14. A method according to Claim 1 1 . wherein said anti-etching mask is of silicon oxkle film or silicon nitride film. 

15. A method according to Claim 11, wherein the soluble resin material layer is applied on said silicon substrate 



8 



EP0 750 992 A2 



through spin coating or roller coating. 

16. A method according to Claim 11. wherein the silicon oxide film or silicon nitride film on the surface of the silicon 
substrate comprises a plurality of films Including at least one of tensile stress film involving tensile stress. 

17. A method according to Claim 16, wherein said at least one film is produced by low pressure vapor phase synthe- 
sizing method. 
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FIG. 10 
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